Nickel differentially affects NMDA receptor channels in developing cultured rat neurons.
Nickel (Ni(2+)) is a transition metal that exerts multiple and complex effects on N-methyl-d-aspartate (NMDA) channels. In both HEK293 cells and Xenopus laevis oocytes expressing recombinant NMDA receptors, Ni(2+) (<100 microM) caused a potentiation of NR2B-containing channels but a voltage-independent inhibition in those containing NR2A. We took advantage of this different response to investigate the developmental switch between NR2B and NR2A subunits in neonatal rat cerebellar granule cells up to 16 days in vitro (DIV) and in rat embryo cortical neurons up to 35 DIV. In both cultures, the effect of Ni(2+) on the NMDA current gradually changed from potentiating to inhibitory with progressing DIV, and the decline of potentiation correlated well with the decrease in sensitivity for the NR2B specific antagonist ifenprodil. Dose-dependent experiments confirmed that Ni(2+) has a different effect in younger cultures with respect to older ones, in agreement with an increase of the percentage of NR2A-containing receptors. The developmental switch occurred within the first 5 DIV in cerebellar granule cells and after 20 DIV in cortical neurons. All these data indicate that Ni(2+) is a suitable marker for the identification of NR2A and NR2B native channel subunits and can be used to trace the development of NMDA receptor composition.